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APPENDIX B 

Development of Survival Improvement Targets 

The survival improvement targets in Table 5-5 were developed as a planning tool to help 
initiate a comprehensive discussion about salmonid mortality in the estuary, plume, and 
nearshore. This tool is an important first step in setting recovery targets for salmonids in the 
estuary and also for the Columbia River basin. Survival improvement targets were used 
because, in many cases, the mortality resulting from the various limiting factors is difficult 
to scientifically predict. This situation is compounded by the challenges associated with 
estimating the degree to which management actions can reduce the threats that are the 
underlying causes of limiting factors. On the other hand, there are reliable estimates of 
mortality resulting from several of the predators, ship wake stranding, and toxic 
contamination, and emerging acoustic wire tagging studies are helping to estimate the 
extent of mortality that juvenile salmonids experience during residency in the estuary.  

The following steps were used to develop the survival improvement targets: 

1. The abundance of wild, ESA-listed ocean- and stream-type juveniles entering the 
estuary was determined using Ferguson (2006b), which estimated 25 million ocean-type 
juveniles and 14.3 million stream-type juveniles for 2006.  

2. Several assumptions were made about overall juvenile mortality for ocean- and stream-
type salmonids. An estimate of 50 percent mortality was used for ocean-type juveniles; 
this was generally based on emerging micro-acoustic tagging results for 2005 (35 percent 
mortality), plus an additional mortality (15 percent) to account for smaller ocean-type 
juveniles not tracked by the study. An estimate of 40 percent mortality was used for 
stream-type juveniles; this was based on the same micro-acoustic tagging results for 
2005 (25 percent), plus an additional mortality (15 percent) presumed for deaths 
occurring in the plume. Continued annual study results will help refine these estimates 
over time.  

3. For both ocean- and stream-type juveniles, a survival improvement target of 20 percent 
was used. The 20 percent number is not scientifically based; instead, it represents a 
planning target that will require refinement as the ability of actions to be implemented 
becomes clearer.  

4. Survival improvement numbers attempt to reflect wild, ESA-listed fish only. In most 
cases, known mortality to salmonids (such as from terns) does not break out wild fish 
from hatchery fish or ESA-listed fish from non-listed fish.  

5. The two targets described above were allocated across 22 actions (CRE-14, “Reduce 
predation by pinnipeds,” was treated separately for adult mortality) by PC Trask & 
Associates based on an extensive literature review and personal communication with 
various agency staff. Each action was evaluated using limiting factor information from 
Chapter 3, threat information from Chapter 4, and action evaluations from Chapter 5. As 
a result, the allocation may be more appropriately thought of as a combination of 
factors, including the magnitude of the limiting factor, the degree of the associated 
threat(s), how well the action addresses the threat, how constrained implementation of 
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the action is likely to be, and the assumption that a considerable level of effort will be 
applied to implementing each action.  

6. Survival improvement targets were assigned on a relative scale across all of the actions. 
As a result, the survival improvement targets should not be considered absolute in 
terms of a numerical result of each action, but rather a relative indication of the 
importance of each action. In cases where mortality was known about a particular 
limiting factor and a management plan demonstrated mortality reduction goals, such as 
with predation by Caspian terns, these numbers were used to the degree possible.  

7. Survival improvement targets are intended to be correlated with cost estimates 
presented in Table 5-6 for constrained implementation of the management actions. The 
resulting cost/survival estimates (see Table 7-5) are intended to initiate discussions 
about the validity of cost estimates and potential survival improvement targets; the 
cost/survival index values in Table 7-5 are highly uncertain because of the gross 
assumptions on both sides of the equation.  

Disclaimer: Survival improvement numbers are for illustration only and are intended to 
demonstrate social choices in the face of significant uncertainty. 
Literature sources generally do not prescribe actions, and relatively few actions 
have been specifically evaluated for associated survival estimates.  

 

TABLE B-1 

Notes on Development of Survival Improvement Targets 

Action Notes 

CRE-1: Protect/restore 
riparian areas. 

Estimate is unsupported in the literature. 

Estimate was assigned a high value in recognition of its importance 
relative to food sources and shoreline habitats. 

This is a protection action that is intended to reduce the potential for 
increased threat over time.  

CRE-2: Operate the 

hydrosystem to reduce 
reservoir heating. 

Estimate is unsupported in the literature. 

Estimate was assigned a relatively high value because temperatures 
commonly exceed 19 degrees Celsius and are doing so more 
frequently and for longer periods of time. (Nineteen degrees Celsius is 
considered the upper range of survival for salmonids). 

Estimate is based on a relatively large level of effort to reduce the 
threat. It is likely that mitigation will be required in tributaries to 
implement the action. 

CRE-3: Establish minimum 
instream flows. 

Estimate is unsupported in the literature. 

This is a protection action that is intended to reduce the potential for 
increased threat. 

Estimate is closely aligned with CRE-4 and probably has overlapping 
benefits. 
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CRE-4: Adjust the timing, 

magnitude, and frequency of 
flows. 

Estimate is unsupported in the literature. 

The action affects nearly every facet of estuary ecosystem health. 

Estimate is intended to demonstrate that changes to the hydrograph are 
possible and that small increments of change may produce a significant 
survival improvement. 

This action is worthy of further analysis that may help support a more 
defensible survival estimate. 

CRE-5: Mitigate entrapment 

of fine sediment in 
reservoirs. 

Estimate is unsupported in the literature. 

Estimate was assigned a low survival improvement because of the high 
degree of uncertainty about its potential to improve salmonid survival. 
Entrapment of sediment may have significantly larger effects. 

CRE-6: Use dredged 
materials beneficially. 

Estimate is unsupported in the literature. 

Estimate was assigned a low survival improvement because of the high 
degree of uncertainty about its potential to improve salmonid survival. 

Currently, beneficial uses are most often associated with nearshore 
erosion management, and little is known about potential benefits to 
salmonids in the nearshore.   

CRE-7: Reduce 

entrainment/ habitat effects 
of dredging. 

Estimate is unsupported in the literature. 

Estimate is relatively low because of the uncertainty and lack of 
mortality documentation associated with entrainment. 

CRE-8: Remove pilings and 
pile dikes. 

Estimate is unsupported in the literature. 

Estimate is relatively high because of the number of pile dikes in the 
estuary and the suspected predation effects that result from the threat, 
including predation by cormorants, pikeminnow, bass, walleye, and 

catfish. Altered flow circulation and reduced juvenile access to low-
velocity habitats may also be a threat.  

CRE-9: Protect remaining 
high-quality off-channel 
habitat. 

Estimate is unsupported in the literature. 

This is a protection action that is intended to reduce the potential for 
increased threat. 

The high estimate reflects the magnitude of importance that off-channel 
habitats represent to juveniles, especially ocean types. Because 
restoration activities are highly constrained, it is vital not to lose 
additional functioning habitats. 

Protection alone will only help preserve the status quo. 

CRE-10: Breach or lower 
dikes and levees. 

Estimate is unsupported in the literature. 

Estimate is intended to demonstrate that dike or levee breaching is one 

of the top few actions that will increase ocean-type survival in the 
estuary. If substantial improvements for ocean-type life histories in the 
estuary are to occur, this is one of a handful of actions that must be 
implemented.  

Estimate assumes a significantly higher level of implementation than 
what is currently occurring. 

CRE-11: Reduce over-water 
structures. 

Estimate is unsupported in the literature. 

Estimate is relatively high because of the number of over-water 
structures in the estuary and the suspected predation effects that result 
from the threat, including predation by cormorants, pikeminnow, bass, 
walleye, and catfish. 

Other effects, such as decreased light penetration, are not well 
understood.  
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CRE-12: Reduce vessel 
wake stranding. 

Mortality estimates for test sites have demonstrated a wide range of 

confirmed mortality. In Bauersfeld (1977), an assessment of five test 
sites estimated approximately 150,000 stranded juveniles (on those 
sites). No estuary-wide estimates have been developed.  

The emerging availability of LIDAR imagery for the estuary may provide 
for analysis to extrapolate confirmed site-specific information to estuary-
wide predictions.  

Estimate is relatively high within the range of study estimates. 

CRE-13: Manage 

pikeminnow and other 
piscivorous fish. 

Estimate is unsupported in the literature. 

Some information exists about predation rates. 

The threat does not currently appear to be on the increase. 

Estimate is relatively high based upon conjecture by NOAA/NMFS’s 
Northwest Fisheries Science Center regarding pikeminnow predation 
rates, but the threat should be studied further and monitored over time. 

CRE-14: Reduce predation 
by pinnipeds. 

An estuary-wide mortality estimate is unsupported in the literature. 

Estimates are for adults only. 

Annual counts at Bonneville Dam indicate between 0.4 percent and 3.4 
percent mortality of spring chinook and winter steelhead. 

A 500-pound Stellar sea lion consumes about 40 to 60 pounds of fish 
each day. 

An unsubstantiated estimate of all pinniped predation in the estuary of 
approximately 10 percent of spring chinook and winter steelhead is 
probably reasonable.  

CRE-15: Reduce noxious 
weeds. 

Estimate is unsupported in the literature. 

Noxious weeds alter food webs and habitat and work at the ecosystem 
scale. 

Very little is understood about the connection between noxious weeds 
and juvenile salmonid survival. 

Estimate is relatively high for noxious weeds compared to other 
ecosystem-scale threats because, although associated actions are 

difficult, they have a greater likelihood of success than do actions to 
address other similar threats, such as invertebrate infestations. 

CRE-16: Redistribute 
Caspian terns. 

Estimate is supported by the literature. 

Recent successes in relocating terns have been documented. 

Efforts to implement the action are under consideration. 

Estimated mortality attributed to Caspian tern predation is 
approximately 3.6 million juveniles in 2005.  

Current planning calls for a two-thirds reduction in the East Sand Island 
nesting.  
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CRE-17: Redistribute 
cormorants. 

Estimate is supported by the literature. 

Efforts to manage cormorants are not nearly as mature as efforts to 
manage terns. 

There is less certainty about implementation potential because 
cormorants have not responded to management efforts to the degree 
that terns have. 

Estimated mortality attributable to predation by double-crested 

cormorants is considered to be comparable to that of predation by 
terns. 

Assignment of the target survival improvement was lower than for terns 
because cormorants may be harder to manage than terns.  

CRE-18: Reduce shad 
abundance. 

Estimate is unsupported in literature. 

Estimate is low because of the high degree of uncertainty about the 
relationship between shad, salmonids, and ecosystem health. 

Estimate is also low because the literature does not identify potential 
actions to reduce shad abundance levels.  

CRE-19: Prevent 
invertebrate introductions. 

Estimate is unsupported in the literature. 

Extent of the threat is well-documented; however, invertebrate 
infestations occur at the ecosystem scale, and the degree of mortality 
that occurs because of food web changes at this scale is unknown. 

Estimate is relatively low because of the uncertainty of the threat and 
the inherent challenges of reducing the threat. 

CRE-20: Implement 
pesticide/fertilizer BMPs. 

Emerging literature (Loge et al. 2005) hypothesizes that mortality 

resulting from estuary contamination ranges from 1.5 percent to 9 
percent, depending on the amount of time juveniles spend in the 
estuary.  

Estimates for CRE-21, CRE-22, and CRE-23 form the basis for survival 
improvements (using estimates from Loge et al. 2005). 

CRE-21: Identify and reduce 
sources of pollutants. 

Emerging literature (Loge et al. 2005) hypothesizes that mortality 

resulting from estuary contamination ranges from 1.5 percent to 9 
percent. 

Estimates for CRE-20, CRE-22, and CRE-23 form the basis for survival 
improvements (using estimates from Loge et al. 2005). 

CRE-22: Monitor and restore 
contaminated sites. 

Emerging literature (Loge et al. 2005) hypothesizes that mortality 

resulting from estuary contamination ranges from 1.5 percent to 9 
percent. 

Estimates for actions CRE-20, CRE-21, and CRE-23 form the basis for 
survival improvements (using estimates from Loge et al. 2005). 

CRE-23: Implement 
stormwater BMPs. 

Estimate is unsupported in the literature. 

This is a protection action that is intended to reduce the potential for 
increased threat. 

This action does not assume retrofitting of existing stormwater function. 




